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Mep baq i pal Bending P^vicg and Mechanical Arrange ment : 
with this Ty p e o f B e ndin g Pevic e 

The invention concerns a mechanical bending device for beading flat workpiece s , 
esp e cially sheet metal, with at least one b e nding tool, vi^hich has at least one part that can 
b e moved by means of a drive, wher e by the workpiece can be bent along a b e nding line 
wh e n acted on by the moving tool part, and the mov e able tool part contains segm e nts, 
on e after anoth e r^ in the direction of the bending line. The invention also concerns a 
mechanical arrangement with the bending device described above. 

The g e n e ric state of the art is docum e nt BE 196 4 0 12 4 Al. This prior publication 
discloses a b e nding machin e with a swiv e l bending tooL A bending ch ee k of th e swiv e l 
bending tool i s provided with a b e nding che e k tool, which is in turn compo se d of tool 
sections arranged in a row in the direction of th e b e nding lin e . Individual tool s e ctions 
can be moved back and for t h between the on and off positions. If the tool sections are in 
the on position, they act on th e workpi e ce when th e bending cheeks swivel and thus help 
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b e nd it. Wh e n th e y go into th e off position, th e tool sections pass by the workpiece 
without deforming it. For tooling, th e b e nding ch e ek is always swiv e l e d with all tool 
sectionsT, i, e ,, thos e in th e on and off po s itions. 

This inv e ntion is de f jigned to advance the state of th e art by making improved adjustm e nt 
to changing applications possible. 

Th e inv e ntion solves the problem with the mechanical bending device in Pat e nt Claim 1 
and th e m e chanical arrangement in Patent Claim 10. 

I n the c as e of th e i n venti o n, at least on e seg me nt of the tool part is used which can be 
connected op t io n all y to the bending driv e . When t he workpi e c e is being formed, the 
only segments of the tool part that are moved are those that are actually needed to 
produce th e desired bend. The oth e r segments of the tool part can stay in the resting 
position. Th e right bending tool is therefor e available for e ach b e nding cycl e and no tool 
change has is n e cessary. 

S pe ci a l embodiments of the inven ti on a re described in d ep e ndent patent cla ims 2 to 9. 

In the design of the inv e ntion in Patent Claim 2, the bending tool swivels and has cheek 
segments that can be dr ive n , if n ec e ssary. Th e advantage of using the swiveling b e nding 
tool in the inv e ntion is that only the curv e d worlq)iece arm leaves its starting position 
when the workpi e ce is being tooled; Th e rest of th e workpiec e can stay in its initial 
position during the tooling pr o cess, unlike press bralcing, for example. 

In th e inter e st of an e ffe ct i v e, easy to buil d mean s o f introducing the bending force 
need e d for tooling the workpi e ce, th e bending devic e in Claim 3 of the invention i s built 
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with at leas t one s e gm o nt of th e bending cheek as a two arm swiveling lever with a 
b e nding arm and a drive arm. 

Th e d e signs in Patent Claims 4 to 6 of th e inv e ntion provide s tructurally o asy to change 
ways of optionally making or br e aking the driv e connection betw ee n the movabl e 
s e gm e nt s of th e tool part of th e bending tool and the bending driv e . 

In another advantageou s e mbodim e nt of th e invention, according to Pat e nt Claim 7, not 
only is the part of th e tool that can move wh e n di e workpiece is b e ing form e d divid e d 
into se gment s , but s o is the holding down devic e assigned to that tool part. Th e 
segments of the holding down dev ice c an o ptionally be connected to the drive of the 
h olding d o w n d e vic e. A connection with the accompanying drive is made for those 
se gm ents- of t h e h olding down device and the bending cheeks that work together when a 
workpiece is being tooled. — Accordingly ^ the workpiec e i s acted on by the holding 
down d e vic e or s e gm e nts of the holding down d e vice only in the area wh e r e the desir e d 
bend is to be made. S egme nt s of the holding down devic e arranged in other, roughly 
adjacent areas of the workpiece can be kept away from the wor k piece. This p o ssibil it y is 
a special advantag e if a bend mu st b e m ad e clo se to a bend tha t already exists on the 
workpiec e. If th e act ion of t h e wo r k p i ece wit h the segm en t s o f th e hol di n g down device 
is limited to th e a r ea of the workpi e c e with the additional b e nd, then unwant e d 
deformation of the alr e ady e xisting bend is pr e vented by t he s e g m e nts of the holding 
down d e vic e . 

The model o f t he invention in Patent Claim 8 has t h e option of m a k in g be n ds in opposite 
dir e ctions on the workpiece b e ing tool e d. In the int e r e st of a compact, inexpensiv e 
design, Patent Claim 9 provides that the drive of one bending tool and the drive of the 
holding down device of th e oth e r bending tool have at l e ast one drive element in 
common, at least on one side of the workpiece b e ing tooled. 
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Til t in d ention will h e uLp ldiiicd in cm ntui d ul ail belo . vi th t xampl oo and h \ gh \ r 

Gchomatic drawings. 

rigure 1 i,li u wn a bending n i achina for ma rh iuB b u nding a p ior o o f n h ect 

m e tal 

FigBfe»-a^ i>li u w U ic scquonco o f al ci idiag cycle v isi ng d ie upei al in ^ nt.itn . pr nrhir e d 
ther e by for a bon d ing tool that can be uoed on flio f n ot type of bond in g 
machine in Tigure 1 . 

Figurco 7a to 

7d ondSatoSd Mi o w how the ooc ui id type of bon di ng luu l w or ks o n tho hnnding- 
u iaclunc in rigure 1 , 

Figure 9 shows a double tool that can bo used on the bonding machine in Figure 1 

nttct 

ngurc 10 bhowD a mechani c al arrangement f ui n iacliining oho et m e tal with a h m(\mz 
and a cutting station. 

According to Fig m c 1 , a b e nding n i aa ii nc 1 has a C .h apc d frame 2 w i th a top arm 3 
and a bottom aim 1. A convon t i u ual coordinate guide 5 is placed in the opaco on the 
bending machuic 1 between the t up a i m 3 and tho b uttu m a r m 1 o f thn f rnm e ^ - 
woilcpieco to be machined in tho fui m of a piece of nlml ui el al 6 io h old n n t h e 
e ooi dinato guide 5 ly means of dip b. not shown, and can move wit h the corre s pond i ng 
n i u ^- c in e nt of the cuui dinatc giii do 0 in U ic horizont al pl a ne of the shoot metal. When it 
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is mov e d by th e coordinat e guid e 5, th e sh ee t metal 6 rests on a workpiece tabl e 7 of the 
usual kind plac e d on top of th e bottom arm 4 , 

Th e purpose of moving the sh e et metal 6 with the coordinat e guid e 5 is to position it 
opposit e a m e chanical bending devic e in th e form of a b e nding station 8 on th e fre e e nd 
of the top arm 3. At bending station 8, folds 10 of diff e rent lengths ar e made along th e 
bending lin e s 1 1 with a b e nding tool 9: Folded groov e s 12 wer e cut free on three sid e s 
of the flat sh ee t m e tal 6 in th e tooling cycl e befor e the she e t m e tal 6 is bent. Grooves 13 
still lying in th e plane of the sheet metal 6 are also shown in Figure 1 . The folding of 
one of these grooves 13 al o ng a b en din g l ine 11 will be d e scribed b e low. 

Figures 2 t o 6 sh ow t he bending tool 9 as a swiveling bending tool with a bending cheek 
1 4 , a holding down devic e 15 and a workpi e c e support 16. The bending che e k 1 4 is 
composed of five segments of bending che e ks 17, and the holding down device 15 is 
compos e d of five se gm e nts of holding down devic e 18. Both the segm e nts of the 
b e nding cheeks 17 and the segments of the holding down d e vic e 18 ar e lin e d up in a row 
in the direction of the bending line 1 1 defined by bending cheek 14 and work with 
holding down device 15, 

The segments of the bending che e ks 17 are designed as swiveling lever s ^ and each has a 
bending arm 19 and a drive arm 20. They are mounted so they can swivel on a swivel 
axis 21 on a bending cheek holder 22 of bending station 8. — The drive arm s 20 a r e 
supported w ith th eir free ends o n a c o ntro l p ath 23 , which is provided in turn on a 
control el e ment 2 4 . The contr ol eleme nts 24 can m o v e in a s traight line on the bending 
che e k holder 22. The control elem e nts 2 4 can b e conn e cted to the piston 25 of a bending 
driv e 27 via couplings 25. An individual coupling 25 is assign e d to each control el e ment 
2 4 . The couplings 25 can be engaged or disengaged by means of regulating devic es , not 
shown, individually b e twe e n the control e lem e nts 2 4 and the piston 26 of the bending 
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k i ucnto 21 and in the - 



tu t h c i piatona ft by ■ aaiul ^Imn r r n j rr-lin n - 



d ifforcnt componcnto to _ 
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connection betw ee n th e segments of th e b e nding cheeks 17 and the bending drive 27 and 
no driv e conn e ction b e tw ee n th e s e gm e nt s of th e holding down d e vic e 18 and the driv e 
of th e holding down devic e 30, 

To prepare for the bending proces s , a number of couplings 25, 28 consistent with th e 
length of the fold being made is e ngaged between the p isto n 2 6 of the bending drive 27 
and th e control el e m e nts 2 4 or b e twe e n th e s egments of th e holding down device 18 and 
th e piston 29 of the driv e of th e holding down d e vice 30. 

In the example shown, two couplings 25, 28 ar e taken from their off position in Figur e 2 - 
into their on position in Figure 3. 

Now, if th e piston 26 of the bending driv e 27 and th e piston 29 of the driv e of the 
holding down device 30 ar e pushed in the direction of arrows 32, 33 , t he t wo couplings 
25 engaged come to li e on th e two assigned control elements 2 4 and the two couplings 28 
e ngag e d com e to li e on the two accompanying segments of the holding down device 18. 
Thus, the two segments of th e holding down d evice 18 are connected to the drive of the 
holding down device 3 0 , and the two contr ol- ele m e n t s 2 4 and with them the t w o 
accompanying segments of the bending cheeks 17 ar e connected to the bending drive 27. 
The operating mode shown in Figure 4 exists. 

Starting from these conditions, if the drive of the holding down device 30 is activated, 
the se g m ents of th e holding dow n device 1 8 previously activated, i.e., connected to the 
driv e of th e h ol d in g down device 30 drop down onto t he sheet m etal 6, As a result of 
positioning the sh ee t metal 6 in relation to th e bending s tation 8, the activated s e gments 
of th e holding down d e vic e 18 with their proj e cting ends come to lie in that ar e a of th e 
sheet metal 6 in which th e flat groov e 13 to b e folded connects to th e r e maining sh e et 
m e tal 6 (Figure 5). Because of th e compr e ssiv e pr e ssur e appli e d by th e driv e of the 
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h o i aiiig down devi ce- ^0 . th^tc l .u tl al 6 L .ic iir cl h ot w oon L U l w uiL ing g ps m o n tf i o f 
Q ic holding down a u i L t 18 a n rl t h o w uikp i cc G Giipp n rt I G agaiu ^ t any m n v o mpn t 




eft 



the^igtH^s^-^Fhe-aeeeft^ -. u^^ m uul ^ of th r hnndi rig d m e U 17 ^vit h f hoi r (1ri >re 
20 a.u:, alid c along the ha ck . 23 uf d n t ' u rnnrrnl oin m u . b 21 . The t ^ ^ n n rti vn t e d 
. . cfei u c nta of tho bonding c hecks 17 rnn^tq u euU ) i .v, iv p1 o n r ho '^■ vi>^e l r He»-24-afl^%eHd- 
i h c feio ove 13 of thL J i ul metal 6 ii p v ai d. a . Aovm in F i g iic 6 with thoir b o n dings 



pesrtien4ft- rigui t 2 by a r e turn s t rn l fn . uf d ie piotonc 2 (^ , 2 9 a nd muc opon flin s r nmrn 
m o v e m e nts of die b e nding ch e e l c ol omcnii . 17 and s c gm onf . uf d ie h o lding rln wn M(-> n r e 
18 us e d for tooling tho worlcpiece. 

A b e nd i ng tool 9a ch u wn h» riguroc 7n t o 7d a n d 8a to 8d diffou fiu m th e b ondin g t ool Q 
i u rigui-er. 2 to 6 b a .i t aUy in t o rni G o f t he activation a nd upeiat i u n u f b e n din g rhonlr l in 
Thus, to activato an d-^eaettwte-wweHevei l y pt . egn ient : ) of tho b ondin g chc o ko 17a, a 
.witching dcvico 3 1 in die form of n res tati ng cylind e r io u sed^ hu. e ach a o gmont of 
the bending ch c cka 17a hao itc own regulating d e vice 3 1 ao o igno d t o i t - 



G eg n i e ntp of tho bending chcck D 17n t h ai a r e to bo uoo d in .uba e qu e nt ma chinn tnolin g 
arc h e d into a r e cep tac l e 3J un a dii , u 3 6 uf i bonding dri v e 27a by tho cw itrhin g 
d e vice 31 on one di i vc aim 20a. Tf th e di iv e r 36 ic i ho n t Ju.4 i e d o ut of i fi rtn rt inc 
p ui .ition in riguro 7a into ito ond p oiit i u n in Tiguro 7 d . it l ak ca th o driv e nrm lOa^^-th^ 
b e nd i ng cheek o ogm tn l u r ocgmontc 17a . i th it. Ao a r oni U. d i e jegmc ntn o f t ho bondi n g 
d i e ckp 17a in qu e^i i u u 5wivol on th ei i awivcl axia 21 a nd deform tho '^hc c t m o tal 6 by 
ii i ean a of a b o nding ai m 19a in tho ' va y d c fl i rcd. Sogm onli. uf d i e be nding rhook i 17n 
d iat are not usod wh e n t he ahoot m ot al C Id tooled are pu.li e J o ut of tho r o reptacl c 25 on 
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unii, 11 or the ul i u ii l roM"! ' ^ "'"S Jcforw ^ 

- A J g uU . 1 0.1 .hn . . . , v 4.figtt.^»4«eM t. I... lll.J . H^ ^ II r" " ^ o n^ 

a. . oa .o, „, a.u i , I f. 1 nnrt .r. n rn. ge^4W^ u u „ . a .uU.i O n n n r 

„(. L .uuaL,ulimtnnl^ a i .Jul liiiirhnnl -li ul I li"L ^ "^""^ 

tlri^4e.,g.,,4>W^..art^^ J " ^^' ' "' " ' 

C » U |. U , .v , 2S.W nn.bt u .LJu I. i,ln n f ,hn ^l.nn m e.ri-4-e|«H«rt»^^ 



U i c J i ivo of a h u Miiig down i) p "l c- c- 30 "M' p i"'"" 

l ua ^ M ii iu, u h c »t m ntnl 6 tl ul aL u i m Inrlr' n m -U -aui u l uillini, il. -irn ^" f n r 'm O^ 
eu u iii , Mai .nr.n l 6. TI k Ulllmi Hr *n i,. a f ""^' - " 1'" 

i i ..u . Ua ll.n .t h nl la ly uui,L.i .. H ip fnlrln J a . u b u , n lu II H.r -nnnn 



Th e i ii a clii ue fun ctions n r ft - 
abever 



CNC c o n tro l le d ( 1 1 tir -^'^^>^^n^ tniilii m J c v ic co d o r^rri b ed- 
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Patent Claim s 



4t a mechanical bending d e vice for bending flat vvorkpieces, especially sheet metal 
(6), with at least one bending tool (9, 9a), which has at least one tool part that can be 
moved by means of a bending drive (27, 27a), wh e r e in th e workpiece can be bent along a 
b e nding lin e (11) by being acted on by th e part of th e tool that move s , and the movable 
part of the tool includ e s segment r 5 of the tool part s one after another in the direction of 
the bending line (U), characterized by th e fact that at least one segment of the tool part 
can be connected optionally to th e bending drive (27, 2 7 a ). 

BACKGROUND 

This invention relates to a method and apparatus for determining the length of at 

least one of two legs of a part, which legs have been bent toward each other bv means of 



straight, angle defining projections of the legs of the bent part, with one end of the leg to 
be measured delimiting the latter on the far side opposite the vertex of the bending angle. 
The invention farther relates to a method and a device for bending workoieces utilizing 
the aforementioned method and apparatus for determining the length of the leg of a bent 



part. 

Excluding the bending angle, the length of the legs is the most important 

the length of 9 leg of a part bent in a bending machine has been tp take the part out of the 
bending tnacTiine and measure it manually. The accuracy of that measurement of the 
length is compromised primarilv bv the fact that, at the apex of the bent part, the legs 
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.r. to he measurfidJOQLmSgUaMJdS^^ 



^rpiatp. cnnto 




ptPr^p^finn of 



It ifi nnf fP^s''^'^ forimt?<nre todirgglv. 

t|.^fthp IfiP of 



Ifi^ <^traipht pn 

iTin mm Tr ^f r--^^^""^^ nniv mf f<ns of mvU 



than 90° 



in "1 i^iitoTnated 

|ti^ iPnpth r^ f fTT" 'fpf mrts with a nartjcolar . 



hifrhlv acnirate (letemu 

o ptimization om^^^^oite rf bf n dinp proQe ssga. 

rtivr ii tn r^vff^*^ ^ "^^-^^"^ ^^'^-^ 




lTiltT"^'"P whose v 

W'^h one 

lining angl 



f bp readily 

.^l^^crn 14^ of 

^A" nf the 

I irr- fn Ulnftlif lirntp'"'*^^^^- 

rf>^ limiting 'r'n'-" ^'^^ sids. 
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nhject part (12^ in the, bending die ^6^: (h) dergrmjning thg position of thg ^enc^ing angle 

vertex rSt and the position of the end nf the leg m. UV and (c^ from the respective 
position of the hendinp anple vertex (Si') and of the end (F.\ thus determined ralt^iilatinp 

the length (h) of the leg as the distance hetween the hendinp an^le vertex (S) and the end 

The position of the bending angle vertex is determined hv initially determining 
the bending angle (K\. During the step of determining the position of the bending angle 

vertex (S). the workriece f]2) is supported on a hacking surface (27.28) and the position 

of the bending angle vertex (R) is determined on the basis of the position in which the 
workpiece (n\ is supported on the hacking surface (TJ. 2«V 

Preferably, the position of the bending an gle vertex (Si) is determined by 
measuring the bending angle (K\ bv optical means and the position of the end of the leg 



In a method for bending workpieces wherein two angular legs (13. 14) of 9 

workpiece are bent toward each other in a bending die (6) at a bene 

prote a iTem workpiece (12). the length (h) of at le&st one of the said 
determined with a trending angle verte?; (S) located at the point of int 

straight projections (29. 30^ of the legs that form the angle (P,) of the legs H 3. 14^ of the 

workpiece (12) and with the end (E) of the leg (13. 14) delimiting the latter on the far 

side from the lending angle verte^t (3). The actual value obtained as a result of the 

;)ared to a leg length set point 
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. r .u c.it ca.rt acniai v-r n - --.mpari^ni V^"'^ tn define 

^.r.m.f.r of si rnifiratir. fo r thg IgnrJli ( n) in n f^i.H^fn nrnr h ftid inp f^tep . 

(g) a unit r^4> ff rt^tprmiTT ^^p t^'=' position of the ftlld (R). 

i ni T HfT) t^- 'iY'i f- ^^^^ ""'^ ^^^^ "^"-^ ^^^^" ^ (le rerminatm 
^^a; ^^ .npiP v r- (S^ ""-^^i"" ^tie end (F , ) of a bent 
he ] f r^'f ^--'^'^r.a dip in a dffined no-irion find TtiP PYf^lnanon unU 

^v,f> i^ P ^Hinp ;»ne fr y-r^r determination of th 

xYf^^^^pipr■p■ rp) h'^rp ^^^^ '^"^ 



^^ftlf position of 







c,ng|f> thns measured. T 
^ ^glP vertex ( ^) jf^'-lf^r P prnressor C 
^p^yinp surface n? '^f^^ ^'ppnrting th 
pp^ition of 




r ttifif ^^"r^t-^^ to the 

^rr^ipinp the p^f^jtion of the bending 
1^ fhe evahntion imir (%). and a 

f>^f>,-piinatinn of the 
f^?i) dftfrm^"'''' position of 
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p.^f^TT^f Y r""^"^^ '"'^^ ""'^ ^^"^^^^ of moving with. 
arqiiisitin n Tir^ ^'^^ ''^'•^^'"^^ ^^^^^'''g the 




Idfally, the 

f!ti^ <^nH rF.^ is 



^npt^f^i fivstein (U) Bv including 

p^^int value 
»t^p|h yaliift can 



sftrvin f raptiirft the nosition of 

^^j ti pTlinp .top n 7 m^f device, apainst 

cyctPTTi rnntrnller 

rnl anil l^y '^'"'^^ "f 





T^" i»t least nne 



r^^^Yr ''-"P^^^ ^'^^ l*-"'^ ""^ snh.pnnent hendinp onfrRtion m l?e 



defined. 
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>ptmns oft 




l^pnt part tb p^ h.» measured remains in the 

nrif rf' rlrr r"^^"" "^^^^ ''"^ ^^^^^ 



way nf the 
pny^ir^nnfthe V 

fl*^ phject parL 
I- ,.^^^1,^^ Wing tnni hflfi in a (ipfmed 
rnrrflim' pt-^ ^ccnmniiehed bv mPi^nf^ of the 
hrrrin Tn i rr frr-^ ^^^^ ^^^^^^^ ^^^'^^ 

^.^^.Hi pp tn the. ir vrrT'n" ^'^^'-^^^ ^^'^^^^ ^^''^^^ 

^pninp of 
irfitinnofi 

li^ip the de j^rff n^f^'' hending 

I rflpT^ pprameters. 

,11, ii I i ,1, irr m i n rfl n i PFn-f T -^'"^^ "^''^ ^" ^ ^^^^^^^"p 
t'-'- r'^^tinn o f t° nr-'- -''^''^ detertnii^Pd on the hiii'i of rtir no-^ition of the 

lot^y^ IP the harksrnp nfrT° " ^tt^inahlp witti the 
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....ccrv HpgrPP. r^^r.r. .nH with ronventional mpfin- for f-st?>Dmhinp thP position 
^1^. vprtPv nf th P hrr-^inp .n^iP Therefore the annaratii^ mWm? mmm iS 



harV«;tnp that 



cM ppnrt. the he r f p^rt tn permit the determination of the yrm of the be 

pr nrccnr rnmp i tf «! th. pncitinn nf fhf ^^^'"^^^ ^^e hendinP anpl(^ On ThP ha,Si,S Of the 
f ^^ippnrt of the f^hj^rt part rebtive tn the had ^ctnp Tn a preffff'^ rnnfipiiratinn of the 
henHinfT Hevice pp^nrrtinfr tn thi« = invention the hendinP tOOl SerVPS aS the h^cKStOP 

cn ppnrtina the he ^t p"^ ^'^^ HetenninRtion of the nositjop pf thf hendinp m?W vertex. 

.f |he hendin^ T f»npte and/or the nosition of the VerteX Of 
^r itppl^Tpentation jnHnde the split-heam mftthod. 1.6. 

ft., nee of a snii t-hr*" ^'^ "'t^m^tive or in addition, tactile methods and 

systems mav he used. 




>,p.;nct the end of the lep for detennining the lenpth of the lep rontart sensor may 
l^e mnvahie to aHnxv it to follow t]^<^ nf the lep «s it is in motion Tn pafticular. the 

P^citinninp .ton f o r th. wnrVnieee to he bent ran he USCfl tO holfl thf fOntaet mm , 

p^^ jf ^hiv the hendinp d^vire nse s a pn«;itioninP ston which serves to Keep the 

tn prnressed in pndtinn relati y f m the hendinp tool and holds the COHtaCt 
i^innp unit for the piirno<^e of determining 

The posi f joninp stop mav also serve to hold a non-contart and especja 
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f ^f^nfiinp unit fo r r|>>tpymininp the p^^irinn nf the end nf the leg. PrpferaMv. the 
P f^ytinninp stop fP" ^ "^"^^ ^""^"^ ^V^^^"^- 

m^ocnrPmPnt of f ^^f ffnpth nf a .nmp^rpH with a tirpdefined len<nh Sft PPint ValUg. 

^nrf rp.,iit nf flifc .ntn.i V5.li.p/^fr p^^"^ mmt^arison is used to (Iffinf >^f \m\ one 

IPnpfh related mr.mPtPr for at l e ^^'^t nnP ...hsf^qupnt hendlnP SteP. Oflf Sllfll Vmmm tO 
he defined would he the distance at which pngitinning stop^ fnr the wnrlfT^iece tO he hcnt 

peeH fn he .et relative fo the hendinp liiif (If finPfl I7Y the henflinp mol ,Siihy.qusm 
henH^np .tern mav ^»^^^iv^ nther wnrknieres or the same worhiierr whosf ^npiilar iCTPth 

hart heeti determined as the bas ic fnr the siihseq-ent parameter definition SiPnificantlV. 
IfiiQ invention maVe^; it pnssihle in the cas e nf hent parts with milltinlc henfis tO (IcfinS thC 
parameters of the individnal hendina nner?»tinng on the basis of each rPSneCtivelV 

of the individ u al lep lenpths matrhes the overRll nroductiftn tolfranrr sperififid for the 

hent part. 

i^p^pp nR^rPTPTTON OF ATTACHED PR AWTNOS 
Figure 1 is « dia(n-amniat r «iHe ele.vational view of a COmPUter-rontroll^^} Ming 
machine embnHvinp the pre s ent invention iTl^-yirlinjr a hendinP die and a rear StOP SyStemi 

9 is a perspectiv e vi^w of the rear stot> SVStem of the bfndinp machihC QI 
Fj^,pe 1 drawn tn 
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Fipiirfi ^ is a schematic illustration showing the configuration of the hending die 
assembly of the hending machine of Figure 1 with a wnrkpiece disposed therein: and 

Fipnre 4 is a schematic illustration of part of the numerical control system for the 
hending machine nf Figure 1 

nKTAII Fn nFSCRTPTTON OF TliJJSTRATRD EMBODIMENT 

As shown in Figure 1. a bending machine generally designated bv the numeral 1 
for sheet metal processing encompasses a machine fi-ame 2 on which a bending beam 3 is 

move the bending beam 3. Mounted on the bending beam 3 is the top element 5 of a 
bending tool assembly and in the form of a bending die 6. Matching the top element 5 is 
a bottom die 7 that is supt)orted on a machine platen 8. A tactile bending angle sensor 
m\ 9 is integy^tgd iptg th^ tgp ^\^n^m 5 of th^ W^m ^. Ib ^gQ"? Qf degigq m4 
functionality, the bending angle sensor unit 9 corresponds to the system described in 
United State s Patent No. 5 .842.366. Mounted on the far side of the bending die 6. i.e.. 

designated by the numeral 10. Located on the opposite side is a system control unit in the 
form of a CNC controller generally designated by the numeral 11. In the operating state 

iiHMrMg^t m VmK I a t'^vding qi MiQg ptq^^ss is Q<?mplgt?4 t>y ^^^m a 

workpiece generally designated bv the numeral 12 so as to produce the angular sides or 
legs 13 and 14. As shown in Figure 1. the workpiece 12 to be bent is held with a defined 
orientation between the top element 5 and the bottom die 7. 



PLa30538/801/64668^g^gQHv1 
0»09i£/03-HRT/ 



18 



Pi p.^P o . ^^ ^ y. ;n H.r.ii th^ t ftf r..r ctnp system 10 encomnasses two baoksrops 
Pf..^Pf^^|V dftsipn^ffft hy fhp numerals H 16. wiTli thf hacKstftp I') inrlndinp a stop lus 

I^P flat xwnrifpif^e that is tn be bf.nt and m in<1fflePf1fnrlY adiustaMr m all th rpe sp^uaL 
^;..^H.nc The mnve »--»^ ctnp h.as 17 1 8 is rontrolled hv thf TNC Controller 1 1 . 

00 J Ti p arrnws iti ^^ifnire 9 indif <>te the flirectintlS in whlch the 



Tramera 




Qtnp liips 1 

A symmetric'VY rnnfiyiired in terms of 
fT^f^pve 94 in the bm^^"^ ^''^ ^^^^ bisector 23 of the 

„Ur ^rnnve - > 4 ^t^inPiHe^ with Hn. hi.ertin^T the bendinP anglf H that If^ fOriTied 
^^tween the lePS 13. 14o: 



hisentnr 7 '^ f»nd earh of the lesS 13 

■'per sur 

The Inwer surfi 

fhe bottom 
^1 A9 represent the PI 
^ft^e ani^ular groove 24 Q: 






inrlY rlir of rh" ''"P'^ between 
,ent worlcpier '^^^ ^•'^ 

\^^^ 19 ainny a bfpHing line 26. 

ilf fi ?7 f^f r*^*^ ''"P"^^'- p^-""ve 24 
1^ r^f the workiiifr 1^ bv the sides 27. 28 
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in FipiirR 1 t ^f fiHps i e ■ t^^^ ^ 14 of the hent 

,y ^,Vpi... 19 Hn not TT t T ^^^"^ ^"'-'^ ^^'^'^^"^ '^"^ ^'^"g ^ '"^^"'^ ^"^"^ 



ipp u intersm at a hiding m 
ic InratPd iindem p».t1i thft hftnt nprt 17 Th.> lemrfh h of leP 1 3 extends 



V^isftPtnr 23. 




«"d or 

ttir h-f -r ^""^^^^ ^^"'"^ ""^^ ^ ^'^^^^ integrated 
rjiamPtftrs flint ^h^^x,n\ whic ^ «,hf>n in nneration are in a Symmetrical position relative 

1^ flip hisectf^r 9^ and are in sniip mntprt with thft two lePS 13. 14 Of ttif WOrKplffCe 1Z. 
Ac ^nnthPr Pssenti^l rnmpnnent. th^ handing angle SPnsor unit 9 inrlllflfS (liagnOStiC 

PT-nPPc«nr rnnt s ^^yn^ that deteri^iinpc thp hendin^ anple R on tlie hasis of tlif difference 

l^plyppn thft radii 
pO^nt^ in the directic 

a system that servfts to ^etprmine fh^ ^l^ldin^ anfrle fi. 

i^m in ^r^*-" ^ ^""'^'"f' ""^^'^ ^'"'^ "^''^ " processor 

cysfem 31 for (1<>tPrmininy th e pnsifinn of the IrrndinjT anple vertex S The hendlnp anglg 

xyhiph the di r ^tinn nf the hisector ?.3 of the flnpnlRr proovf ? i 4 in the bottom die 7 and 

|h,.pnsitinn of t Kcnppnrt points A 9 on the sides 97 ?8 of the PrOOVe 24 SS ft 




PLC/30538/801 /6466R2fiiSQllv1 
09/09J2/03-HRT/ 



20 



hpndinp anple ft are stored. The sides 7.7 . 28 of tl 
pronvP ?4 are tb uQ ^ mntrihurinp fp^itiire nf the system 31 for dPtermininP thft nOSitiOTl ftf 

l^aQPH nn the bending g nple ft determinpH hv the hendinp anple sensor unit 9. the 
prnressnr 7,1 calmlates the a n ple R/7. nnder whirh extends the straiPht nrolection 29 of 
Ipp 1 3 nf the wn rkpiere 12 relative tn the bisector ? ■< of the anwilat hntTom (tie gTOOVe 
94 From the anyle R/2 the position of A1 and the direction of the 



ffbt line tnnchinp the side 71 of the anpiilflT Pfoove at A 1 and 

extending under the angle ft/2 onnosite the hisectOf with that hifiectOr 23 . 

Akn illiKtrated in Fi g ure A is a unit ^4 fnr determining the end E of the leg 13. 
which unit inrlndes the ha rlfstop 1^ of the rear stop svRtem 10 as well as the camera 20 

which is moun ted nn the stop hip 17 of the hackston 15. The camera 20 serves as an 
image acquisition unit for canturing the T^osition of the end E of the Ipg 13- The image 
acquired bv th e camera 20 of the end F. is transferred to a Processor 3f> as electronic 
sipnals The backstop 1 5. i e its motio n control, is also connected to the processor 35. 
Since the camera 7.0 occu pies a specific position on the stop hiy 17 the position of the 
stop lug 17 determines the p osition of the camera 70 The positional information thuS 
signals ema nating from the camera 20 allow the processor 35 tO 
iition of the end H i 
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fr^t tT,.t .t the tnr -^'"^ ^'^^ ^^^^ ^ flrrrrminrd stop 

nniv .t the. ^ >>f ri nn;np of the v^Hinp prnr.P.ss. when thP flat worifnierf That is to bs - 





th^ c^pphifr The 
the dirs 

litially flat 




wnrlcpieci 




t^f '^ffl^nfthe 
irf «/fll hf> positioned 
fron, th>> «toiT ^« ^^''t the htter are frfPlY movaDlfi 

, prorpss has ^ffp initiated In view of their trm\f\\ niovability ttie stop 
f .,, , n ^« - —V nosition and nrr thin nhle to movr thr rf^mfra 70 into 

... ..r..r. 70 in n viewin. dirmion pfrprndirular to the egd E4^ £lbU£U2JlL 





^]^^ urrt^^ the morion control of the, 



j^^^^ ^ »n th. positi o n h.nHina .npie >.ertev s determincfl hY mffins pf the 

thr rni F nf thf Irr ^'-^'^""'"^^ "^^"^"^ <>f ^^i^' ""'^ "^4. an 
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^„ ^., l oHnn nnit ^f. . ^ rfnY'T ^'^^^"^^ measiirinP terhnignes rr>lrii1at(^f^ the 

h nf rh^ iP^ -^'^ f»Tr ^i''^^"''^ h^^v''^" the bending m\r vprtfx 8 3nf1 thf md F. The 

pr ^ial linear Inpf*' ^'^'"^ Hetfrn'""^ rn n ^P^rf^H in a nnmnarator unit 37 with thg 

p r.^ ,r.n.H p»int length stored in that i.njt Tf the .rtnal Ifnpfh (ievjatrs from tHe set 

..r tH. i.n.rh nf the le. that dt^viatipn i- prores.ed in ^ rmvmmn 
Tifvinif> T n marhine ^fi.wtratpd the romnensation module ^^ ^rtiYatPfi a seryp 
^rivP in the rear ston SVStem 1Q. 

Tn th r rrn r t ^- h--^- ^" "'"^^■■^^^ ronsen.tivt^iv on diffrrm worVpieges 
l^afi<»H nn the c^niP ipnpth set pninf vahiftR and the measured lenpth h turns out to he 
.y,^ ,^.r th.n that «Pt pni"t ^^rr..nondin. activation of the servo drive 39 will 

Pl^^pt thP rear 9tnn s>^Stem 10 relative tQ 




ipit^R Tf several hands 
p ,,. |,t. w inctann. in the r.se of a length devintion of the .rtnal vah.e detected m 

|n talfft that jiito ''^'-niint in the seninp of the 



infni-the 



.^.^^^ remains >vithin the nredefined 



OVe^f" t"1ftra"ce. 

yh^ f^ e nflinp marhine } permits a nositional deter 

^ pgle vertex S ftnd ^^^^ '^"^ ^ ^ "^^'-^hod dl 
Pf^r evample t h ^ ^'-"Hinf> angle R inav alSO he Calmlated USi 

tinp formula 
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^ ^h. gpnmPfrv of th^ tnp Plement 5 p"H thP hnttnm dip 7 (ii^ of thfi rigiditV 

thP mi^tpriai C r) f)f thirkness of the hlank to hf hmt and fiY) of thff dpprh of 
p.n^tr.tinn of t h f tnp .wapp 5 into fhp bottom die 7 Howpvt^F , non-oontafft optical 

cf>nQnr« mav h^- n^prl in lien o f thP tar.tile hen^inp atiplft se.n5ior unit 9 In dPtPrminjng the 
hPnHin|. anglP R Tn that pfffiCt nn^ rnnlH mount at Ipast One Of thf Cmt^m ^0. 2^ Qll 
thP rear sfon sy^tPm 10 Conv^r^Plv the po R iH/.n nf thp find F. ran hft measured USillg a 

^.rtilP rnntart se ^ ^ ^ ^r ""'^ ^^^"^f'" ^"""^ ""^ "^^'^^ '"^'^ ^^"^^ 
thP Pnd F. in constant r.nntact ^ith the latter throilPhout the hendinp PrpCe^iS The pOSitiOH 

pii^piiy it is possihif tn dptprmine the position of the bendinp mk vcrts;( S 

^nd/nr the p^^sitinn nf the pnd F. hv the «;n-r?illed split ^pam tnethod The SOlIt hcam 
mPthnd and itc tprhnipfll im p l^mpntation ar^ dpsrrihpd for instance in German PatfiTIt NO . 
4^ 1 9 'if^'i A 1 Tn that case, at ipast one of the cameras 20 ?,?, of the rear stop system 10 

pn-^ailpd trianfTiilation angle to 




|h>^part 17heinphent. 

^rir* fr^m maVlnp correct 



^pf^rmininp the 



]>»npth h nf thP I p pc ran akn sPrvP t» -^^rV thP hent nart 17 fot deviations frOlTI ItS 

nnminai three-dim^n^innai ge o mPtrv For example in the casf of lonper heveled parts 
^ ,.n,^natinn nf the an.iP of the bent oart 1? is ennallY feasible . The mrasurpments 
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^V.in.H r.n in .11 r^^< rPrnrded ..itomaticallv If dfsirffi thf r<'f>ll)rS ftf tDe 
rnrrprtinns made hv thp mninens«tinn mnHiile ^« mav he visnallv (liSITlaVed. 

^rcwinp. fh.f the n,eti,nd .nd annaratiis of the nrpsent invfntion antOTTiatea and 

».rr.irate determinatinn nf the jf^pth nf the legs of a WOrknleoe being hCIlt. 
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rJ.ATMS 

Havinp thus Hpsrrihpd the invp.ntinn, what is r.laimed is: 

^ A mPthnri for d pfprmininp the lenyrth ^h^ nf at least one of tWO IfigS 

rn \d\ nf a w ^rirpiere (M). which have been hPtit toward Othfr W means 

nf a hendinp d ip ^/^^ at a hendinp anfrle (R^ whose vertex (S^ Is lOP^Ted at the DOlnt 

nf intersection nf the straitrht. anple forming nroiPTtions (29. 30) pf thfi legs (13. 

nf the hent part HIV w ith nne end (F,^ of the lee (13. 
the far 

comprising: 

hnlHinp the ohiect nart (12) in the 
Q;^ determining t he position of the hendinp an^^le vertex fS^ and 
the position of the end TF,^ of the leg (13. 14): and 

from the respe rtive position nf the hendinp anple vertex (S) 
and nf the end (F.^ thus determined calculating the lenPth (b) of the leg aS 
the distance between the said he ndinp anple vi^r^f^ and the said 



Qrr Th e mechanical bonding dcvic o in Claim 1, charactcrizod by the fact that a 
swiv o ling b e nding tool io provided as the bending tool (9, Qa) with a movablo tool part 
in di e form of a bonding chcclcD (H, 11a) that can s wivel on a owivcl axis (21) running in 
th e direction of the bonding lino (1 1) and by the fact that the b o nding ch e cks (H, 11a) 
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contain oegmont or Q ic tool parte in mc form of sogmr .iil^ u f U m bending rhnolr r (17, 
17a). at loaot one of which can be optionally connected to the bonding drive (27, 27a) 
and can be awivol e d on the oJ^ iii (21) when the di ix-e connection ia made, and there 
is bending action on the workpi e ce. 

2^ Tt^P mf.thnd for H^tf^rminintr t^^ length nf at least one of tWO ICgS Of 

^ ^ Y ^^rVpiff-f in ornnrH.nr.. wit^ Th'"' ^ «^hprein the workniece (1?> is retained in the 
|^f>n^;np Hip in a defined nosition. 



^ The mechanical bending dev^ico in one of the preceding claimc. characterized by 
the fact that at least one segm e nt of the bonding chccko (17. 17a) is designed as a 
two arm swiveling lever with a bending arm (19. 19a) provided on one sid e of the 
swivel axis (21) tor acting on the worlq)iece and bending it. and with a drive a r m 
Qg) p i ovidcd on the other side of the owivcl ajds (21). for optionally connecting 



(20. 20a) provided on 
the drive to the bending driv e (27, 27a) 
determinin 
ripim 1 wherein thi 
jnlfiallv determini 



Thp method for 




£ y{ ^P mpthod for fiptprminin ^ fll^ '^"g^*^ ^^^^^ ^^^^ ^ 

Y^nrkpiere in g^rnrHanre with Tlaim 1 wher pin Hnrino the Stetl of determining the. 

p^dfion of the ^pndinp angle vertex (S). the workpifr(? (U) i"! snpportffi on a hacKing 

« ^,.rfarP r?.7 28) f^nH thP positi()p f^f the he.ndin p ^nplp vertex (S^ is determined OH the 
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^^Y,ry^ thP wnrknir>> fp^ cnppnrfed on said barlrinp surface 



^ T |,f. ^.fhrvl far ^ ^ Yr^ininfT thP lentrth of at kaSt One Of tWO IffPS Pf ^ 
(,<^) k Hfftp.rmin''^ hv meas u rit^p the. he.ndinP anple (B) bV onTirfli mc a ilS . 



^ ThP mpthnd for d^tPrmininP the lenPth of i 

f laim 1 whereii 




of a 



2^ ^ m>.tliod for hf nf1i"P workpierffi v»h^r^iii two ^inmilar IPPS (13 , 14) Of a 
produce 3 h^pf y/orkpiece ( 



^Ptprminftd y/ifl^ f» henditip at 



|hp pnint of iqtPi-gPrtion of the 



^) o„H xvith fhP end thP td^ dPiimiting the latter on the far 

f^j ^P frnm the h^ndiny anplf* vf-rfex (SV 



^ jhp mPthod fo r hpndinfT worlcpi^^''^ in arr.ordanre with Claim 7 wherejn 

n |^t:^inPd as a resi i|t nf the determipafinn of the letlPth (h) of a IfiP f13. 
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i<; rnmparefl f» l^p If^nPtfi «Pt point vali ^p anri that the rf>.^tilt nf said artiial value/set 
pnint value rniPp^H^nn is used t n Hf>finR at least one r>arameter Of SipnifioanQfi for the 
length in ? suh^egiient henriing Stet). 
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^ ^pp^fatiis for f^ftf^rmitiinp the lengt 
m U\ of a wnrkpiftce which hav f hppn hp.nt tf^w'"'^ ^^^h "^^iPr I^V ^eans Of a 
h^nHinp die ^6^ i>t a hpnrting a n pl^- whose hendinP anple vertex (S) is lOpaN at the 
pnint nf intersecr i ^n nf th^ straight prnj..tinn. HQ of the lePS (13 14) fomiinp the 

^npi. m^ of th<- \ -c,. of the workniece (12) while an pnd (F.) ftf thf iPP (H , 14) 

the far side from the bending anple vertex (S). said 



vertex (S): 



^ a system fr>r HetermininP the nosition > 



a "nit G4) 



(F-^- and 



an evfllnation unit n6V said system Hn and unit (34) Permitting 
the determination nf the position of the hending angle WTt^ (S) and thP PQSition 



.f a hent workpifre ^1^^ ^1^1*^ the he 
tion nnit (36^ proressinp data on the DOSition of the 
(F\ to determine the 
hendinp angle vertev (S^ and the end (E). 




position. 



PLC/30538/801/646684S4SflHv1 
09/Mifl/03-HRT/ 



30 



10. Jh^ apparatuf^ for rietftrmin inp thp Ifinpth of af least 

-liPPP in accnrc^ anrf. with r.laim Q wherein a rpfaininP elemer 

fnr the determini|Hnn nf the nnsition of the henflinp anplg vprtex (,S) and the 

HPterminatinn the position nf the end (RV with the WQT 
cpeHfiraHv de ffnM fashion jn henrtiny die f6V 



4^ The mochanical bending device in one of the preceding claimo, charactcrizod by 
the fact that at least one owivcl lover can be engaged by mcano of a owitching device (31) 
on the dri\'o arm oido in a receptacle (35) on a driver (36) of the bending drive (27a) or 
disengaged from that roceptaclc (35), whereby the connoction between the o wivol lever 
and the bending drive (27a) is made in the engaged mode and is broken in the dio e ngaged 
mode. 

^ The gpparfltiis for Hetermini n f the lenyth of at least one of tWO \m (13. 

of a wor w piere in accordance with Claim 9 Wherein thp ^Yfitem (31) for determining 

the position of fhp hendinp applp vertex fS^ j pHi.des a nnit (9) servinP tO meaSUte the 

t^ ^n ^^inp .n^ie verfr on the basis of the hendinff anple m thus 



measured. 



^ The m e chanical bonding device in one of the prec e ding claimo, characterized by 
the fact that it has a control el e ment (21) with a track (23) between at lea s t one swivel 
lover and th e bending drive (27), whereby the swivel lever is supported on the drive an 
side on the track (23) of the control (2i), and it can bo con i icctcd optionally to the 
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b c udi i ife drive on thu b u iJiiife driv n ntl o b> mmr. of a cwit r hin^ j J i y ' i u i. wh o r on y when 
d ie d r ive conncctio i . i i . i i iad c bctw oon tli t cui iuol c l c m r-nt (21) a nd die bencl in g firi ve 
(27), U ic Dwivol lov 'ti ii . act e d on by r lit tui i U ol (21) nn it. ii a Lk (23) on t ho d riv n nrm 
. id c mid can thcrebj : . w i ^'cl on the 'iwivd a ji i^ (21) wh on th u. i. b e udia& n rtinn n n the 
worlq)i e c e . - 

.h.otinn ,.nit ^6 ) M ^ ^"^^'"'^ stmnortinp the 

„,».i.p;.P. m.\ % th- ^'-t.rmin.finn of the nosition Of thf bf ndihP anple vrrt^x (S). said 

prnrP..nr ni) H.f.rnninina the P ^c^t^^n nf tliP hendinP anple VCrtflX OTI tll<^ l^flSiS Of 




PLC/30538/801/646«82Sd^Hv1 
09/09Jfl/03-HRT/ 



32 



^f^nHinp anple (R) Tf= ^" nptical measnrlng tOOl. 



f^ptpmnine 



ppity, Q whPrein f*|ft rnit ^^^^ "'^'^'"^ 
(P) fi^f;liiHps a df frrtinn and fif-gintition unit (20. 21) 

rd m fr*^ Hptpctinn 

p. ^.n.iHnn nn^ t (?" '^"'^ '^^^^ ^" ^^^'^ evaluation unit m vmmm (35) 
P^pti.rPd hv t f ^f HPtPrtinn and amiiisitlon Unit (20 . 2\), 




^ Th e m e chanical b ui i dii ig dcvkc in u nc of tho proco d iug Ll almi . . cUa ractprii^pd by 
U ic fact that the c w l tch i ng dcvko f oi opt ionally c oTinna iiife D ie LOiit rol a nd t h e 
b ci i din fe driv e (27) l iai. at Icaat one ro u p liufi part (25) t ha t c an b t u igagc d o r di^nngns p d 
b et w e en the control (21) and the b endi ng diive (27). w hn r cb y a i c c onn cctinn b ot^' ^ oen t he- 
co nirol (21) and d ie bending drive (27) io made ^vi 1 ll t he coupling p ar t (25) e ngaged a nd 
broken with the coupling p art (25) di o ongage d 

15. JV^ f ppparahi c ff>r dpfprmiiiinp ttip length 

^'f'F U where 



in accnrc 



t \^ut pan hp hro nf^tit into rnntart with thfi end (E). 
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:^ The mochanical bending device in one of the prccoding cljtmo, characterized by 
the fact that the bending tool (9, 9a). designed as a owivoling bending tool, hao a holding 
down device (15) extending along the bending lino (11), by mcano of which the 
workpiece can be acted on in the tranoveroc direction of its flat extension and can thereby 
be fixed betw e en the holding down device (15) and a workpicce support (16) on the side 
of the workpi e ce opposit e the holding down device (15). and by the fact that the holding 
down d e vice (15) includes segments of the holding down device (18) one after another in 
the direction of the bending line (11), at lea s t one of which can optionally bo connec ted 
to a drive of the holding down device (30) and can bo transferred into a position where it 
acts on the workpicce by producing a drive connection, whereby when the worltpiece is 
bent, segments of the holding down device (1 8 ) and segments of the bending cheeks (17, 
17a) working togeth e r at the same time with the drive of the holding down device (30) or 
with the b e nding drive (27. 27a) are connected. 
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14. The apparam.s for determining the length of at least one of two legs 
of a wnrkpiece in accordance with Claini 15 wherein the contact sensor assembly 
2t with the end (E^ is capable of moving with the end (E) during the 



8t Th e m e chanical bending d e vic e in on e of th e preceding claims, charact e rized by 
the fact that at lea s t two bending tools (9) are provided in the form of swivel bending 
tools, each of which has a bending cheek (1 4 ) that can swiv e l, with at least one segm e nt 
of the b e nding ch ee k s (17) that can b e connect e d optionally to th e bending drive (27) and 
a holding down d e vice (15), wh e reby the bending che e k (1 4 ) of one and the holding 
down devic e (15) of th e oth e r b e nding tool (9) ar e arranged on one and th e sam e sid e of 
the workpiece. 

The apparatus for determining the lengt 



(13,14^ of a workpiece i n accordance with 
comprises a positioning stop lug (17, 18) for the workpi' 




9t Th e mechanical bending devic e in on e of the preceding claims, characterized by 
the fact that at least on one s ide of th e worlq)iece, the holding down device (15) has a 
drive (30), and th e b e nding drive (27) of th e one and the driv e of th e holding down 
device (30) of the other bending tool (9) have at least one common drive element. 
IL The apparatus for determining the length of at least one of two legs 

n3.14^ of a workpiece in accordance with Claim 14 wherein the detection and 

acquisition unit (20, 21) serving to capture the position of the end (K) is an optical image 
acquisition unit (20, 21). 
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nfawprlrpierftinaccc 



ftT^ininfT the le 



if two legs 
in ^ Hpvipp for hpnding 



^./nrlrpiPPfts inclnHinp a hendin P Hi^ (^^ hv means of which at ler^St tWO \m (13, 14) pf S 

u/nrkpiprft can hPnt toward fiarh other to nrodncp a bfint workpiff(^ (12) with s 
hPnHinp any le (R^ whosP hendipp ^npiP vertex TS^ is located at the pojnt ftf intprspctiop of 

.h. prn|ePtion. HQ ^f)^ fnrn^inp the an.lP of the IPPS (13 14) Of ttir bmt WftrKpifiCe 

.nd an end of the rP.nentivp leg (13 14) dclitnititip the, latter on ttie far sia^ 
tinp anpie vert e x and additionally a svstem for flptemiining the 



40^ A mechanical arrangcm o nt for machining flat workpioces. copcciaUy ohcot m e tal 
(6), characteriz e d by th e fact that at l e a s t one mechanical bending d e vice (8) according to 
one of Claims 1 to 9 and also at least one mechanical cutting dc\'ico (39) for machine 
cutting worlcpiccco are provided, whoroby workpioco parts can be bent and machine cut 
by moan s of the mechanical cutting devic e (39). 
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Abstfaet 

Tl|^ apparatus far Hf^terminipp fhf> Ifnpth of at least onp of tWO IfigS 

nf a w A'-i^pi^^t-p in acrnrHanrp with Claim 19 whcrpin thf bendjnp (lifi (6) itsclf 
c^rvpc fhP rPt a ininp pipmpnt for the defined nlacemcnt of thf workpifrf (1?,) for the 
H^t^rminatinn of th^ h^ndinp anp i^ vertex rs^ and/nr for the determination of tk TOSitiQH 

nf the etid 

2L ThP apparatus fr r dPtPrmininP thP Ipnpth nf at least one of tWO leSS 

,j|h riaim 9.n wherein a harkinp surface (27. 28) 
linatinnof 1 



vprtpy rs^ is nrnvided hv the hetidinP die (6). 



A m o chanical bending d e vice and a mechanical arrangomcnt with this typo of bonding 
devic e . 

22. ThP a pparatus f o r dPtPrmininP the lenPth of at least OHP of tWO legs 
(n 14t of a worVpiece in armrdance with Haim 21 wherein a contact SPHSOr aftfjemblv 

in thP dPteetion and arqnisition unit (M) Serving to captiire ths POMtlon pf thp end (FJ is 
f-nnstitnted of a positioning st np ni of the bending device apainst which the 

worVpiece can hft set for appropriate n ositioniny relative to the hendinP die (6) nrior tQ 
j^pinp processed. 
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A mechanical bonJLU& dcvico (8) f n i bending flat work p Lcco, ospoci nll y ohcct motal (6), 
hafl at least one bcuJing tool (9), wMch includcG at loaol ui ic tool part tti n t can move by 
means of a bending drive (27). When acted on by the tool part that movoo, the 
workpiccc can bo b e nt along a bonding line (11). The m u table tool part has ocgm o nt o of 
the tool parts one after another in the direction of the bending line (11). at leaot one of 
which can be connect e d optionally to the bending drive (27). 

2^ j p . . pp^rpihis f o r HPtPrmininP the lenPth of at kftST OHf Of tWO IggS 
unit no. 21) far paptiirin;^ fh*> pf^^iitinn nf the er 



A m e chanical arrangement for machining flat ' > vorkpicc oo , especially she e t motal (6) 
includes, beoideo the mechanical bending dcx^ice (8) described, a mechanical cutting 
device. On the mechanical bonding dcvico (8). worlcpioco parts can be bent and 
machine cut by mean s of the mechanical cutting device. 

2^ Jhf a pparams V rtetermininp the lenfrth nf at least one Of tWO legs 

IP pf^fiitinninp stnn (17. 



^spreferahlv 



system HIV 



PLC/30538/801 /646682£^gQHv1 
09/Wifl/03-HRT/ 



38 



2^ ThP apparatus for determining the length of af least one of tWO leSS 
(n U\ nf a worlfpiere in acc o rHanre with riaim 94 wherein for determininP thfi length 
(h\ nf a lep t h ere is included an evalnatinn unit (36^ as a nart of « SVSteiTl rontroller (1 D 
in whir.h at least one set point v alue fnr the length (M is stored and hv means of whlch an 
.rfn.l length v alue ean he comnareH apainst a length set noint valllC and OH Thfi hflSiS ftf 
the result of the artual versu s set point length romparison at least one Parameter 

(1^) ip least one suhseniient bending onerHtion can be defined. 



(Figur e 2) 
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ABSTRACT 

^t^rmininp the. Iftnpfh (h\ of at leact nne. nf two leps 
n?^ hpnt toward each other 3 t a bending anplp rR't requires 
Inration nf the worlcpiece Ml^ in a defined position. The nositioti of the hending angle 
vertex (S,^ and t he position of the end ^F.^ of the leP n3. UUo he tneasured are 
determined B a sed on the position of the hendinp angle vertex fS^ and of the end (E). the 

lenpth (h^ is c a iriilated as the distance hetween the hendinp anple vertex (S) and the end 
rF.V The measnrinp appara tus inehides a system serving to determine the position of the 
hendinp angle vertex (R\ a unit serving to determine the tiositlon of the end (R) and an 
evaluation uni t which based on the position of the bending angle vertex (S) and of the 
pnd calculates the leny th (h\ as the distance hetween the bending angle vertex (S) 

and the end (E). 
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Fig. 3 
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Fig. 4 



